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In order t» ascertain the physical environmental capabilities of
typical fallout shelter spaces in the various climatic regions, a
seriss of experimental studies has been undertaken for the Offire of
Civil Defense. The major objectives of thesa studies are to:

(a) evaluate parameters determining the phvsica: environment
in identified shelters or other space having shelter
potential;

(b) determine minimum equipment requirements for environmental
cuntrol; and

(c) gather and correlate experimental data in support of
computational methods or for direct use as empirical
information,

This report surmarizes the portion of the effort undertaken by
the Special Projects Staff of Guy B, Panero Inc.

This effort consisted of a series of natural and forced ventilation
tests conducted at eight distinct shelter facilities, in New York City
and vicinity, during the winter of 196364 and the summer of 1964,

An estimated 80 per cent of the identified shelter spaces in
New York City are located above ground, and the summer experimental
worl. concentrated on this type of shelter area. Tests were conducted
in the inner corridor (core) shelter areas of three high-rise build=-
ings and of two public schools. In addition, bssement tests were
performed in these two schools and in a large suburban home. Ventila-
tion tests were also conducted in an inexnensive underground community
shelter, built by a group of rural families,

Winter tests were performed in a privately-owned underground
shelter with an efficiment heat sink to investigate the lower limits of
shelter habiteability during winter waather.

A number of inexpensive ventilat'on and heat dissipation devices
were buift and tested for their ability to improve shelter habitability.
These included directional! punkahs, manual salve-type air pumps and
water-cooled heat exchangers.

Shelter occupancy was simuletcd using aggregaie electro-
mechanical "Simocs,'" and measurements of the resulting shelter
environment were recorded using psychrometers, anemometers, copper-
constanten thermocouples and thermometers., 0.(.0. Test Vehicle #3
wds 8150 used to deliver preconditioned air during the forced venti-
lation tests in the school! bssement shelter areas.
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Analysis and evaluation of the data obtained during the experi-
mental program suggests that the following conclusions may be drawn:

A. Core Areas Within Above=-Ground Buildings

(1) With an occupancy load of one person/10 sq.ft. of floor area,
natural ventilation (crosswind via open vindows and updraft via ver-
tica! shafts) eir will maintain a shelter effective temperature below
85°F with outside air conditions at the New York City 15 percentile
summer design ievel*--except during periods of unusually calm wind.

(2) During the summer months the shelter should be considered
as adiabatic. Low boundary heat losses mean that ventilsting air is

the only vehicle effective in disposing of heat generated in the shelter.

(3) Of the formulas given in the ASHRAE Guide** for predicting
natural ventilation, that used for cross ventilation gives values
reasorably in accord with experimental results. The formula for pre-
dicting updraft does not agree with experimental results; it sppears
to be unsatisfactory for determining shelter ventilation when updraft
is used.

(4) The most effective method of inducing natural ventilation
is to use crosswind ventilation on all floors containing shelters,
augmented by updraft on the lower floors only.

(5) Closed shelter operation under summer conditions is not
possible for more than s few hours. However, operation with shelter
doors open and 3ll outside building openings closed may produce a
tolerable environment for periods up to & day or longer.

B. Buiied and Semi-Bur.ed Shelters

(1) With high ventilation rates (6-10 cfm/occupant) the shelter
heat sink plays a minor role in dissipating heat, and hence soil con-
ductivity has little effect on shelter environment under these
conditions. With lcw ventilstion rates soil conductivity becomes an
important factor in heat dissipation,

(2) in shelters with high resistance to natural ventilaticn
{i.e. shelters which have small intake and exhaust openings; or high

*This Is the combination of wet and dry bulb temperatures, cal-
culated independently, which would be exceeded during 15 per cent of
the hours in the four summer months of June through Septembar. In
a normal summer there should be approximately 50 hours st or above
the 15 percentile desion level, which for New York City is 80°F DB~
72°F w8,

#xThe American Socisty of MHeating, Ventilating and Air Condi~
tioning Engineers Guide and Data Book, 1963, Chapter 24,
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internal resistance; or one opening serving as both intake ard exhaust)
a shelter load of one person/10 sq.ft. of floor area will cause the
effective temperature to exceed 85°F with outside air conditions at

the 15 percentile summer design level. This wiil occur even if the
shelter has good heat transfer characteristics.

(3) During typical winter weather in northeastern United Statas,
undercrowded (less than one person/10 sq.ft. of floor area) under- '
ground shelters with an efficient heat sink may create habitability
problems for shelter occupants because of low (LOOF-500F) effective
temperatures~=even with minimum ventiiastion rates. Application of
thermal insulation with radiant reflec*!on characteristics to the
shelter surfaces can substantiaily increase (10°F-159F) the shelter
effective temper&ture and also preserve the shelter heat sink for
further use.

C. Manual Ventilation Devices

Preliminary tests indicate that directional punkahs and valve-
type piston pumps méy be very attractive, from a cost-effectiveness
standpoint, as @ means to increase shelter ventilaticn and to avoid
stagnant "hot spots.'' In addition, where well water is available,
simple heat exchangers used in conjunction with such devices can
remove a large percentage of the heat and moisture generated within
the shelter.

Furthe: experimental work is recommended to reduce costs of
these manually operated devices, increase their durability, and
improve effectiveness and ease of assembly.




